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Abstract
Quality assessment of a construction project schedule can be a challenging task for project stakeholders. A little research work
has addressed quality of schedules though a good project schedule can be considered as of the key factors of project success. The
development of a reliable and easy to perform construction schedule quality assessment procedure seems to be a challenging task.
Since Schedule Health Assessment of a construction project has to be strictly related to process requirements, it is used the 3 “S”
rule as a starting point and framework for obtaining improved understanding of quality of construction schedules. The 3 “S” are
Safety, Space and Structure, meaning that the planned process should provide a safe working environment to construction
workers, sufficient space to perform construction activities and the required sequence of construction operations and project
phases. The aim of the study is to implement a schedule quality assessment method that takes into account the 3”S” rule of
construction process. The 3”S” requirements can be successfully integrated in a Schedule Health Assessment method, but to
facilitate their implementation and control a flow-line chart is needed, thus the schedule tool becomes a new requirement for
construction schedule quality control.
© 2015 The Authors. Published by Elsevier B.V.
Selection and/ peer-review under responsibility of Tampere University of Technology, Department of Civil Engineering.
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1. Introduction
Construction planning, scheduling and controlling are main tasks of construction project managers. A good quality
construction schedule does not assure project success achievement, but it can be a good path forward.
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A sound project schedule merge cost and technical data to influence project management decisions and actions.
Several studies showed the impact of adequate planning on the eventual outcomes of construction project, and
standards for good scheduling practice followed (Griffith, 2005, PMSC, 2007, GAO 2012).
Understanding the organization of the various materials, trades, and subcontractors in the project processes is an
ability acquired only after years of study and experience (Callahan, Quackenbush, Rowings, 1992). Thus a tool to
understand schedule quality during the scheduling process and to guide the scheduler to develop the final product, or
to perform a quality control, can be a valuable instrument to enhance project performance.
The aim of the paper is to assess construction schedule quality through construction process-oriented quality
requirements definition. Although a set of quality requirements of a project schedule can be easily defined by
literature review and by scheduling standards, the development of a reliable and easy to perform construction
schedule quality assessment procedure seems to be a challenging task. In a previous research by the authors a set of
seventy five schedule quality requirements has been defined and a construction schedule quality assessment
procedure was developed. This includes classification of schedule requirements in five groups termed as Schedule
Health Indicators: general requirements, construction process, schedule mechanics, cost and resources, and control
process. It is believed that construction process requirements play a major role in the quality assessment procedure,
thus they need to be highlighted.
Concerning sound preparation of project schedule from the construction process viewpoint, a well-known rule-of
thumb for construction scheduling is the 3 “S” rule. The 3 “S” are Safety, Space and Structure, meaning that the
planned process should provide a safe working environment to construction workers, sufficient space to perform
construction activities and the required sequence of construction operations and project phases. These requirements
are of capital importance for schedule effectivity. The present research work aims at implementing a Schedule
Health Assessment Method that takes into account the 3”S” rule of construction process. The study is limited to the
proper implementation of the 3”S” rule in scheduling process, without examining in depth other quality related
scheduling features. In fact, many schedule characteristics should be checked in order to achieve a good quality level
of the schedule and the 3”S” rule should not be considered without the others quality requirements. Another sub-aim
of the paper is to integrate the 3”S” rule – related requirements in a framework of the five Schedule Health
Assessment indicators previously defined. The research work first analyses the schedule quality problem, as
approached by pertinent literature and standards, then the 3”S” rule for construction scheduling is examined in
relation to the work of Callahan, Quackenbush and Rowings (1992) that first defined the 3”S” rule scheduling
approach. It also addresses the seminal works of Kenley and Seppanen (2010) about Location-Based Management
System for construction and of Akinci, Fisher, Levitt and Carlson (2002) who investigated time-space conflicts in
construction projects.
The research method is based upon inductive reasoning. The study starts from time-space conflicts definition and,
through detailed analysis of a sample project schedule, seeks to supply evidence of 3”S” rule importance for
scheduling quality. The 3”S” requirements are then integrated in a more general Schedule Health Assessment
Method. Sample project data are derived from a simple case-study of an existing building refurbishment project.
2. The schedule quality problem
Quality is the level of accomplishment of a product or a process to a set of performance requirements (ISO
9000:2005). Project success i.e. the achievement of project objectives is the main goal of project quality assessment.
Griffith (2005) and the guide of the United States Government Accountability Office (GAO) report that there is a
significant relationship between good scheduling practices used early in the project life cycle and the ultimate
success of the project (GAO, 2009). Quality of the scheduling process and quality of the schedule itself can play an
important role in the achievement of project success and represents a key process of construction project
management.
Project scheduling has also an impact on safety (Larsen, Whyte, 2013, Saurin et alii, 2004). In Europe directive
92/57/EU (Temporary and mobile construction sites) requires an health and safety plan, and Suraji et al. (2001)
found the planning and control failures related both to safety and production itself were major contributing factors to
accidents in construction sites in the UK. In the U.S.A. Hinze (2002) has consistently found that pre-project and pre-
task safety planning are among the critical measures required to achieve a zero accident target.
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Quality of planning and scheduling process is addressed by several project management guidelines. The AACE
International (AACE) Recommended Practice No. 14R-90 (2006) includes the "Schedule Quality Analysis”, and the
AACE Recommended Practice no. 48R-06 (2009) defines a guideline for schedule constructability review process of
a construction schedule. The Practice Standard for Scheduling of the Project Management Institute (2007) describes
the schedule development process and also a Conformance Index Assessment process to evaluate schedule quality.
The GAO "Schedule Assessment Guide" (2012), describes recommended best practices for project schedules and
provides ten best practices associated with a high quality and reliable schedule. The US Defense Contract
Management Agency (DCMA) has defined a 14 points metrics that supports the schedule analysis for assessing
schedule quality. The National Defense Industrial Association (NDIA) published the "Planning and Scheduling
Excellence Guide (PASEG)" that encompasses 10 quality control steps to validate the Integrated Master Schedule.
In addition to these standards and recommended practices, several researchers searched for a deeper
understanding of quality and reasonableness of construction schedule. De La Garza et alii (1990) defined a subset of
scheduling principles to enable construction schedule evaluation process for subsequent automation. Russell and
Udaipurwala (2000) perspective on schedule quality assessment is related to construction strategy, "the plan of
attack", plus the timing of activities. Zwikael and Globerson (2004) introduced a model for evaluating the quality of
project planning called "Project Management Planning Quality (PMPQ)". Hietala (2009) indicated a framework to
develop schedules with better quality and also to assess the quality of developed schedule. Moosavi and Moselhi
(2012) defined a structured methodology to assist owners in the evaluation and approval of detailed schedule of
contractors.
3. Safety, Space and Structure: 3 “S” rule for construction scheduling
Key element of construction schedule quality is the production model conceived in the schedule. Callahan et alii
(1992) introduced the 3 “S” rule for construction planning and scheduling, meaning that the production model
should address the safety of construction workers, should provide the required space for process operations and
should follow the proper sequence of activities needed to build the construction product structures.
Good quality schedule logic includes considering safety of construction laborers as a main objective of
construction operations. In fact the proper succession of activities is a primary requirement for a safe working place.
It reflects the obvious limitation that the start of some activities, e.g. curtain wall construction, depends upon the
completion of all, or part of, others (e.g. wall construction and scaffolding) to be completely executed and to be safe
for construction workers. An example of limitation of space is that the work force on the activity being planned must
both  set  and  fit  the  space  available  and  created  to  do  the  work  (e.g.  scaffoldings  and  building  components  or
systems). The structure rule is due to physical or technological dependencies between construction activities
(Callahan, Quackenbush, Rowings, 1992). An example of structure is that the curtain wall cannot be built until the
supporting wall is erected and the steel sub-structure is fixed (Callahan, Murray Hons, 2011). This indeed it is
strictly concerned with quality control of construction processes. While the “Structure” rule for network logic
creation really is about the proper setting of dependencies between project activities, the “Safety” and the “Space”
rules are really about time – space conflicts. The “Space” rule is concerned with space requirements for: crew (i.e.
working space), equipment and temporary structure. Mainly it prevents contemporary use of the same space by
different crews/activities. The “Safety” rule requires project scheduler to check safety problems due to errors in
activity sequence that can affect safety of construction workers, and hazards created by working tasks in other space
units.
All these issues can be addressed by Location-Based Planning (Kenley and Seppanen, 2010). In fact Location –
Based management assumes that there is value in breaking a project down into smaller locations and using these to
plan, analyses and control work as it flows through these locations. The location provides a container for project data
at a scale which is easy to schedule and to control.  The emphasis in location – based scheduling is to schedule the
construction project achieving high level of productivity, quality and safety.
Once the project is decomposed into various locations, or space units, understanding the interactions between
activities and spaces is needed. The seminal work of Akinci, Fisher, Levitt and Carlson (2002) investigated the time-
space conflicts in construction projects. Six type of spaces required by construction activities were detected:
410   Marco A. Bragadin and Kalle Kähkönen /  Procedia Economics and Finance  21 ( 2015 )  407 – 414 
1. Building component space;
2. Labor crew space;
3. Equipment space;
4. Hazard space;
5. Protected space;
6. Temporary structure space.
Each construction activity requires at least one of these spaces. As activities can have time overlaps, i.e. they can
be performed at the same time, time – space conflicts may occur.
Time – space conflicts have three characteristics:
1. Temporal aspects of time-space conflicts: since activity space requirements change over time, time – space
conflicts between activities only occur for certain periods of time.
2. Multiple types of time – space conflicts: depending on the types of space conflicting and the quantity of
interfering spaces, time – space conflicts can have many types. Five major types of conflicts has been identified:
a. Safety hazard, when a hazard space generated by an activity conflicts with a labor crew space required
by another activity.
b. Congestion, when a labor crew space or an equipment space required by an activity conflicts with
another labor crew space, an equipment space, or a temporary structure or building component space
required by another activity.
c. Design conflict, when a building component conflicts with another building component.
d. Damage conflict, when a labor crew space, an equipment space, or a hazard space required by an
activity conflicts with the protected space required by another activity.
3. Multiple conflicts existing between a pair of conflicting activities, due to conflicts between multiple types of
spaces required by two conflicting activities.
The problem is how to load these space requirements to a construction schedule. If this is done, project managers
can use this information about time – space conflicts to modify their production models by changing construction
methods, sequences and so forth to minimize problems related to time – space conflicts prior to construction. The
main tool suggested by researchers and practitioners for time – space conflict resolution is the linear scheduling
method, flow line or linear planning, integrated with a network model (Ciribini and Rigamonti, 1999; Kenley and
Seppanen, 2010; Russell, Tran & Staub – French, 2014).
3.1. Sample application
A sample application of the 3 “S” rule to a construction schedule of a small refurbishment project is used to
illustrate the problem. The activities of the energy retrofitting project of a residential four – storey building are:
scaffolding, roof retrofitting, external wall insulation, base coat and wall finish, windows retrofit (table 1).
 Table 1. Activity list of sample project.
Activity list /
Space Units
Scaffolding
Days
Roof
retrofitting
Days
External
wall
insulation Days
Base coat
& wall
finish Days
Win-
dow
retrofit Days
SP0 –
Ground floor
A – 0 2 C – 0 2 D – 0 1 E – 0 1
SP1 – First
floor
A – 1 2 C – 1 2 D – 1 1 E – 1 2
SP2 –
Second floor
A – 2 2 C – 2 2 D – 2 1 E – 2 2
SP3 – Third
Floor
A – 3 2 C – 3 2 D – 3 1 E – 3 2
SP4 – Roof A – 4 2 B- 4 5
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The first version of the construction schedule (fig.1 a and fig. 1 b) has some time - space conflicts and hazards
spaces, because of the time overlapping of “D - base coat” and ”E - windows retrofit” activities with “C - external
wall insulation”, but has a very short total duration (fig. 1b). Note that the “A – scaffolding” activity and the “B –
roof retrofitting” have been properly scheduled with no time – space conflicts.
The improved schedule (fig. 2), developed applying the test of the 3 “S” rule, is very different. The time – space
conflicts of activities have been resolved, but the total duration is augmented. In particular, as the working space for
the activities “C – External wall insulation”, “D - Base coat & wall finish” and “E – window retrofit” is the same, i.e.
the building façade with the scaffolding system, the three activities have been sequenced with a finish – to – start
relationship without any overlapping. This corrective action eliminated the hazard space created by the predecessor
activities for the successor ones. Furthermore, to augment quality of finishes (activities D and E), the order of
execution of working tasks in every space unit (floors) has been changed from bottom – up to top – down (figure 2
and 3). It is clear that only the integration between the two scheduling tools, the CPM network and the flow line
chart can explain clearly the interactions between activities and space, thus highlighting possible time-space
conflicts.
a) b)
Fig. 1. Sample project schedule before 3 ”S” analysis: (a) CPM schedule; (b) Flow Line schedule.
Fig. 2 . Sample project after 3 ”S” analysis and correction: CPM schedule
Fig. 3 . Sample project after 3 ”S” analysis and correction: Flow Line schedule
A-0 A-1 A-2 A-3 A-4 B-4
SCAFFOLDING ROOF
C-0 C-1
EXTERNALWALLINSULATION
C-2 C-3
D-0 D-1 D-2 D-3
E-0 E-1 E-2 E-3
BASECOAT&WALLFINISH
WINDOWRETROFIT
SP4 A4 B4
D3
SP3 A3 C3 E3
SP2 A2 C2 D2 E2
SP1 A1 C1 D1 E1
SP0 A0 C0 D0 E0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
SAFETY
SPACE SAFETY
CONFLICT
WINDOWRETROFIT
A-0 A-1 A-2 A-3 A-4 B-4
SCAFFOLDING ROOF
C-0 C-1
EXTERNALWALLINSULATION
C-2 C-3
D-3 D-2 D-1 D-0
BASECOAT&WALLFINISH
E-3 E-2 E-1 E-0
SP4 A4 B4
SP3 A3 C3 D3 E3
SP2 A2 C2 D2 E2
SP1 A1 C1 D1 E1
SP0 A0 C0 D0 E0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
SAFETY
SPACE
SAFETY
SAFETY
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4. Schedule Health Assessment & the 3 “S” rule
The problem of quality assessment of a construction schedule has been addressed through the definition of a set
of related quality requirements as found in an ongoing research project (Bragadin, Kahkonen, 2014). The
construction schedule quality requirements have been classified in five groups, thus defining five schedule
performance indicators. This quality assessment process has been termed as “Schedule Health Assessment” and has
the goal of quantifying schedule performance, thus enabling project team to implement a pro-active approach to
construction scheduling. The 3 “S” rule of – thumb has been integrated in this evaluation process.
The Schedule Health Assessment method has also the aim of helping project managers and project schedulers to
create a sound and reliable construction schedule. The method can be a valuable tool for auditing project scheduling
process, and with this, construction project execution. A selected group of seventy five detailed requirements has
been individuated and classified in five groups of requirements. This five groups of requirements were defined as
Schedule Health Indicators. Each schedule indicator aims at defining a quality level of schedule performance in a
specific topic to assess schedule health.
The five schedule health indicators are the following:
1. General requirements;
2. Construction process requirements;
3. Schedule mechanics requirements;
4. Cost and resources requirements;
5. Control process requirements.
Each Schedule Health Assessment Indicator is composed of the requirements as indicated in table 2 and 3, which,
in turn, are composed by a subset of detailed requirements (Bragadin, Kahkonen, 2014).
     Table 2. Schedule Health Indicators (part 1).
Schedule Health Indicator Requirement
1. General Requirements
Schedule process procedure
Schedule definition
Activity definition
2. Construction process requirements
Activity sequencing & Structure adequacy
Activity duration;
Activity timing
Construction process safety & productivity
3. Schedule mechanics requirements
Network and logic
Critical path
Float
Soft & hard Constraints, buffers
Activity mis-assignments
Lag & lead (negative lag)
Indicator no.1 "General requirements" consists of a set of provisions that are aimed at conforming the schedule
production process to quality standards related to the developing phase, to the schedule as a product, and to the
contract requirements of the construction project. Indicator no. 2 "Construction process requirements" consists of a
set of provisions that are aimed at conforming the schedule to quality standards related to the execution phase of the
construction project, i.e. to implement schedule constructability.
413 Marco A. Bragadin and Kalle Kähkönen /  Procedia Economics and Finance  21 ( 2015 )  407 – 414 
Indicator no. 3 "Schedule mechanics requirements" consists of a set of provisions that are aimed at conforming
the schedule to quality standards related to the networking technique for scheduling and monitoring the construction
project. Indicator no. 4 "Cost and resources requirements" consists of a set of provisions that are aimed at verifying
that the activities of the project, and the project itself, can be executed within the calculated time and budget.
Indicator no. 5 "Control process requirements" consists of a set of provisions that are aimed at allowing an efficient
project control process through the schedule updating and re-planning processes.
     Table 3. Schedule Health Indicators (part 2)
Schedule Health Indicator Requirement
4. Cost and resources requirements
Monetary value/cost of activities
Project cost ratio
Resource loaded activities
Project total level of effort
5. Control process requirements
Activity progress evaluation;
Schedule review and baseline;
Schedule projections;
Invalid dates and missed tasks.
As previously mentioned Indicator no. 2 "Construction process requirements" consists of a set of provisions that
are aimed at conforming the schedule to quality standards related to the execution phase of the construction project.
Four are the basic requirements composing this indicator: Activity Sequencing; Activity Duration, Activity Timing
and Construction Process Safety and Productivity (tab. 2). They are mainly concerned with schedule constructability
(IPENZ, 2008). The activity Sequencing requirement aims at defining a construction-oriented network logic.
Actually it matches very well with the “structure” part of the 3 “S” rule. The requirement “Construction Process
Safety and Productivity” is related to safety and work efficiency of the construction site, and entails detailed
requirements about work continuity, work flow of resources and time-space conflicts. It is really about construction
project productivity improvement and health and safety. To be more specific the detailed requirements can be the
following: safety / hazard space; non – congested work areas; work continuity; work flow (safe, orderly and
organized).
As a result the 3 “S” rule-of-thumb fits very well with the Schedule Health Assessment proposed framework,
though the integration process of the 3”S” in the schedule quality evaluation method requires, to be more efficient,
the development of a flow-line chart of the schedule. Flow-line view of the network schedule becomes a key factor
for quality checking concerning the Construction Process Indicator.
5. Conclusion
The success of a construction project depends in part on having a sound and good quality project schedule that
defines when and how long work will occur and how each activity is related to the others.
Schedule quality can be pursued and checked with the Schedule Health Assessment method, which is the
detection of schedule requirements satisfaction and the synthesis of the found results with five Schedule Health
Indicators: general, construction process, schedule mechanics, cost and resources, control process.
In the present study construction process requirements has been focused because of their importance in effective
schedule delivery. In particular the 3”S” rule, meaning safety, space and structure is believed to be an important
guidance for project scheduler of construction projects.
The application of the 3”S” rule to a sample construction schedule has been performed thus highlighting its
precious contribution to schedule efficiency survey. So safety, space and structure related requirements have been
fully integrated in the Schedule Health Assessment method. Limitations of the research work are related to the
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simple example used as case-study, it is felt that future testing on several construction project case-studies has to be
performed to fully develop a complete testing and commissioning of the Schedule Health Assessment method
integrated with the 3 “S” rule.
Flow – line view has revealed to be an irreplaceable tool for schedule health assessment, as the integration of the
networking technique with the flow line chart highlights possible time-space conflicts. In fact 3”S” rule is mostly
oriented to space usage in the building process and this enhances the need of a space – oriented scheduling tool.
Thus the flow-line view of the activity network becomes another quality requirement of the construction project
schedule.
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